As another indication of the structural changes accompanying envelope dissolution, we have investigated the effect of dilution on the susceptibility of envelope proteins to proteolytic digestion.
Work in this laboratory and elsewhere (1, 3, 10, 13) has shown that the breakdown in the absence of salts of envelopes of the extreme halophiles is a rapid and probably nonenzymatic process, and that most of the envelope substance can be recovered in the form of sedimentable particles. This breakdown is thought to be due to electrostatic repulsion between negatively charged groups in the envelope. The most important of these groups are the dicarboxylic acids of the acidic protein and the phospholipid phosphate groups, all of which have pK values of about 3.5 (3, 6, 10) . However, little is known of the structural relations of such groups, or of their relative importance in producing electrostatic repulsion in the absence of shielding cations. This question has been investigated by using envelopes from which most of the lipid or protein has been removed. 1 Issued as National Research Council No. 8860. 2Present address: Department of Biology, University of Ottawa, Ottawa, Ont., Canada.
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MATERIALS AND METHODS
The preparation of envelopes of Halobacterium cutirubrum and most of the methods used have been described (10, 13) . Envelopes were stored at 5 C in "buffered NaCl," i.e., 4.5 M NaCl containing 0.1 M MgCl2 and 0.01 M tris(hydroxymethyl)aminomethane (Tris) buffer (pH 7.0). Before use, envelopes were centrifuged and resuspended in the appropriate salt solution. For turbidity measurements, envelopes were resuspended in 4.0 or 4.5 M NaCl, diluted 10 to 20 times (as specified) in the salt solution to be tested, and turbidity was measured after 30 min at room temperature with a Hilger Spekker Absorptiometer at 675 m,u. Acid-treated cells, whose salt response is similar to that of mechanically isolated envelopes (8) , were prepared as before (9) with variations as shown in the text. In one experiment ( Fig. 3 ) with acidtreated cells, turbidity was measured at 660 mnA in a Coleman Junior spectrophotometer.
KUSHNER AND ONISHI since it is difficult to determine the dry weight of envelopes suspended in strong salt solutions; envelopes contain about 50% protein on a dry-weight basis (10).
Analytical methods. Protein was determined with the Folin phenol reagent by the method of Lowry et al. (11) . Proteolytic activity was measured in some experiments as the release of trichloroacetic acid-soluble material reacting with the phenol reagent. This reagent, which measures tyrosine residues, gives different color values per residue with different proteins (11) . However, we have observed that in experiments with different proteolytic enzymes the sum of the trichloroacetic acid-insoluble and -soluble "protein" was equal to the amount of protein originally present, and we feel justified in expressing trichloroacetic acid-soluble material reacting with the phenol reagent in terms of a percentage of the total protein (see Fig. 1 and 2 ).
For amino acid determinations, envelopes were hydrolyzed anaerobically in 6 N HCl for 20 and 70 hr at 110 C as recommended by Moore and Stein (12) . After removal of HCI by repeated drying, amino acids were determined in a Beckman-Spinco amino acid analyzer. The values obtained after 70 hr of hydrolysis are reported for all amino acids except serine, threonine, and tyrosine; figures for these amino acids are corrected for destruction during hydrolysis (12) , and the 70-hr figure for NH3 is corrected for the contribution made by these amino acids. An envelope suspension (0.25 ml), in 4.0 m NaCl, containing 6.6 mg/ml ofprotein was added in duplicate to the solutions shown below, all of which contained 0.01 M Tris buffer (pH 8.0). To one set of tubes, 0.5 ml of trypsin (I mg/ml dissolved in 0.001 M HCI) was added. Envelopes were added to the following: 0, 4.75 ml of0.1 M MgCl; V, 4.63 ml of water, followed after 30 min at room temperature by the addition of 0.12 ml of 4 M MgCl2 (final MgCl concentration, 0.1 m); A, 4.75 ml of4 M NaCl; *, 4.42 ml of water, followed after 30 min at room temperature by-the addition of 1.11 g ofsolid NaCI (final NaCI concentration, 4 m). Solid lines, with enzyme; dotted lines, without.
After incubation at 36 C for the times shown, 0.5 ml ofeach digest was added to 1.5 ml of5% triclioroacetic acid; after standing overnight at 5 C the precipitate was centrifuged at 15,000 X g for 15 min, and protein (expressed as per cent of the total) was determined in the supernatant fluid. zyme added) and Fig. 2 (pronase). The an increased extractability by trichloroacetic acid. However, no more material was released when trichloroacetic acid was added to the trypsintreated envelope suspension before centrifuging than when it was added to the supernatant fluid after centrifuging; the same thing was true for the slow proteolysis that took place in the absence of trypsin (Table 1 ). In the early stages of proteolytic digestion, more protein was released from the samples centrifuged before the addition of trichloroacetic acid, probably because of the digestion that took place during centrifugation. A very rough estimate of the molecular weight of the material released by trypsin was obtained by measuring the amount of such material in the trichloroacetic acid supernatant fluid that passed through a dialysis membrane on overnight incubation against 5% trichloroacetic acid. About half of the material released at each interval studied, up to 3 hr, was dialyzable (Table 2) ; hence, its molecular weight was less than 10,000.
Proteolytic digestion of envelopes was also acid; at the same time intervals 0.5-ml samples of each total digest were added to 1. MgCl2 concentration of 0.1 M. To 10.0 ml of this suspension, 1 ml of trypsin (1 mg/ml) was added.
After incubation at 35 C for the intervals shown, 1 .0-ml samples were added to 3.0 ml of 5% trichloroacetic acid, and supernatant fluids were prepared as in Table 1 . Protein was determined in supernatant fluids immediately or after overnight dialysis at 5 C against 3.75% trichloroacetic acid.
In the absence of added proteolytic enzymes, there was a 25% loss of protein in 24 hr from envelopes suspended in 0.1 M MgCI2 (Table 3) , and a similar loss was noted from envelopes dissolved in water. An earlier report (8) (Fig. 3) . Measurement * Enzymes and envelopes were prepared as in Fig. 1 and 2 . To 5.0 ml of each envelope &u*' n or solution (containing 0.6 to 0.9 mg/ml of envelope protein) 0.5 ml of enzyme (1 mg/ml) ws addd, and 4.0 ml of the mixture was dialyzed against the same salt solution containing 0.01 M Tris buffer (pH 7.0) for trypsin, chymotrypsin, pronase, and nagarse, or 0.06 N HCI adjusted to pH 1.9 for pepsi. For chymotrypsin, pronase, and nagarse, 0.005 M CaCl2 was added to all samples before adding e enzyme. Samples from inside the dialysis sac were analyzed for protein at the time intervals sboan. Table 3 .
Envelope protein contains a surplus of dicarboxylic amino acids (10) , and, although most of the protein was lost on pepsin treatment, it seemed barely possible that the residual protein might contain most or all of the acidic amino acids, so that there would be no reduction in net negative charge. Amino acid analyses (Table 5) showed that there was little change in composition after acid treatment. After treatment with acid and pepsin there were few striking changes, and the overall result was a decrease rather than an increase of net velopes are similar to those reported earlier (10), but may be considered more accurate (see Materials and Methods). In contrast to the earlier findings, methionine appears in these envelopes but not methionine sulphone, presumably because of the steps taken to exclude air before hydrolysis.
The effects of other proteolytic enzymes on the salt response of envelopes were less clear-cut than those of pepsin. Adding trypsin or chymotrypsin (up to 0.3 mg/ml final concentration) to envelopes (1 to 2 mg of protein per ml) incubated in 0.1 M MgCl2 at pH 7.0 for 2 hr at 35 C decreased the sensitivity to dilution more than that of control cells in two out of three experiments. Incubation in 0.1 M MgCl2 alone also reduced the sensitivity of envelopes to dilution. Sensitivity decreased after 2 hr at 37 C, but not at 0 C. After overnight incubation at 37 C, the sensitivity of envelopes usually completely disappeared. The loss of sensitivity on incubation with MgC12 was not increased by increasing the MgCl2 concentration, nor was sensitivity to water restored to MgCl2-treated envelopes by treatment with 10-6 to 10-2 M ethylenediaminetetraacetic acid (EDTA). The loss of sensitivity is probably not due to binding of Mg+-+ ions to the envelope, since such binding would take place in the cold and might be susceptible to reversal by EDTA ND ONISHI 3. BACrRioL.
treatment. The loss of sensitivity may be, instead, the result of an enzymatic process, perhaps the slow proteolysis described above ( Fig. 1 and Table 3 ), but this has not been investigated further.
Effect ofremoval oflipids on the salt response of envelopes. Direct extraction with neutral solutions containing high concentrations of ethyl alcohol led to dissolution of envelopes, but this could be prevented by the addition of acid. Envelopes in 4.5 M NaCl plus 1% acetic acid were therefore extracted twice at room temperature with 75% ethyl alcohol containing 1 % acetic acid, washed in and resuspended in 4.5 M NaCl. This procedure removed all the pigment and 80% of the lipid phosphorus from envelopes, leaving colorless residues which still had the shapes of intact envelopes. In contrast to the deproteinized envelopes, these had not lost any of their sensitivity to dilution. The requirement of defatted envelopes for NaCl was somewhat greater than that of untreated envelopes, whereas the KCI requirement was only slightly changed (Fig. 4) . In the experiment shown, higher turbidities were obtained in 3 and 4 M KCI in lipid-extracted envelopes than in control envelopes, but this was Fig. 4 (Fig. 5) . Microscopic examination showed that the former were easily coagulated by low MnCl2 concentrations, but this has not been further investigated. DISCUSSION The susceptibility of envelopes to proteolytic enzymes was used in these studies to indicate the degree of disorganization caused by exposure to water. The decrease in the orderly arrangement of the peptide chains within the protein molecule that constitutes denaturation is known to increase the susceptibility of many proteins to attack by proteolytic enzymes (7) . Several en--zymes of extremely halophilic bacteria require salts and are inactivated by exposure to water (2) ; such inactivation may or may not be irreversible (5) . After studying the effects of salts on the lactic dehydrogenase of H. salinarium, Baxter (2) suggested that "this enzyme differs from enzymes of nonhalophilic organisms in being less firmly held in its native catalytically active conformation. At low salt concentrations the electrostatic repulsion between ionized groups on the enzyme expands it to a form which is not catalytically active and which can readily expand further to an irreversibly denatured form." It seems likely that an exposure to water leads to a denaturation of envelope protein as well as to a breaking up of the envelope into particulate subunits (13), although we cannot at present distinguish the contribution each process makes to susceptibility to proteolytic attack.
Our results also show that intact envelopes, in 0.1 M MgCl2 and even in 4.0 M NaCl, can be attacked by proteolytic enzymes, trypsin, and pepsin, causing the removal of about 90% of the protein. The nonspecificity of pronase and nagarse did not make them more effective in degrading envelopes in these experiments, which, however, were more concerned with measuring the removal of protein from particulate or trichloroacetic acid-precipitable envelope material than with the subsequent degradation of the liberated polypeptides.
The negatively charged groups on proteins are primarily responsible for envelope dissolution in the absence of salt, but the negatively charged lipid phosphate groups play quite another role. Thus, removing most of the protein lowers the net negative charge on envelopes, and lowers or abolishes the dependence of envelopes on salts for stability. Removal of lipids also lowers the net negative charge but does not lower the salt requirement. The sodium requirement is slightly increased, and the requirement for potassium ions remains unchanged. The most striking effect of lipid extraction is on the response to divalent cations. The requirement for Mg;F is greatly increased, and, in fact, it is not possible to obtain maximal turbidity with concentrations of MgCl2 10 times as high as those that suffice with untreated envelopes. Lipid extraction also increases the requirement for Ca++ and Mn++, but low concentrations of these ions are able to maintain maximal turbidity. Recent studies (Kates and Palameta, unpublished data) have shown that the phosphatide from H. cutirubrum can bind both Na+ and K+ and has an especially strong attraction for Mg.
These studies give the following picture of the role of different envelope constituents in envelope stability. Envelopes are unstable at neutral pH values in the absence of salts because of repulsion between negatively charged ionized dicarboxylic acids in their protein. Removal 
